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Abstract 
For years, research on the life cycle of conventional building materials (e.g. reinforced concrete and metal structures) 
has been studied; however very little literature can be found in non-conventional materials such as timber. Ever since 
the 1999 Chi-Chi earthquake that happened in Taiwan, many traditional timber framework buildings were destroyed 
or severely damaged. For the past decade, enormous amount of resources have been invested by the Taiwanese 
government to begin various studies on traditional timber building techniques, timber material testing etc. Although 
correct building technique or proper use of building material are crucial towards establishing a structurally-sound 
timber framework, without proper building maintenance, the structural integrity will also be jeopardised in future. 
With the continual decline of timber supply, re-using existing timber materials becomes especially important in 
building conservation. In this paper, eight Taiwanese traditional temples are used to study the life cycle of historic 
timber framework. Based on past records of each building’s restoration process, statistical calculations of various 
timber components at different repair stages and oral interviews with the traditional master carpenters, architects and 
timber surveying units, results shown that alteration design during repair stage is recommended as it enables 
architects to give more informed repair advice. However if improper or unsuitable measures are carried out during 
emergency rescue work, timber deterioration will only aggravate further instead of being salvaged. Lastly, a 
theoretical calculation method for timber framework life span is proposed by using 50% as the critical point for 
overall structural failure. 
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1. Introduction 
This paper arises from a joint collaboration with the Architecture and Building Research Institute (ABRI) 
of the Ministry of Interior in Taiwan where a series of research projects on the conservation of historic 
buildings and recent scientific technology have been carried out. As part of the project, the life cycle of 
historic timber buildings was studied by using eight Taiwanese traditional temples case study. Besides 
reviewing past literature records of each building’s restoration process, statistical compilations and 
calculations of the main structural timber components at different repair stages were also carried out. To 
have a better understanding on how the conditions of the timber components are being assessed, oral 
interviews were conducted with the traditional master carpenters, conservation architects and timber 
structure surveying organizations involved in each temple’s repair stage. This study seeks to find a proper 
procedure and method to evaluate the life cycle of Taiwan historic timber buildings in future.  
2. Research Methods 
Sample Criteria 
Eight traditional Chinese temples with the 
following criteria were selected:  
x Sample must be a national monument 
status;
x Sample should at least has completed, or 
is currently undergoing one major repair 
work; 
x Only the main timber structural members 
of the Die-dou (⮺ᯇ) style timber roof 
framework will be studied (Figure 1).  
Research Methodology 
Generally, the research methodology is 
divided into the following three sections:  
x Field investigation and oral interviews; 
x Statistical calculations; 
x Review on the environmental indicators 
that lead to the damage of timber 
framework; 
In this paper, only section 1 and 2 will be covered in more detail. An overview of the above research 
procedures are summarised into a flowchart as shown in Figure 2. 
2.1. Field investigation and oral interviews 
During the investigation and repair stage, each members of the timber framework are examined by the 
master carpenters and architects. The extent of timber damage is usually classified into three levels – (1) 
slight damage; (2) moderate damage and (3) severe damage. Timber members that fall under Level 1 and 2 
are considered repairable cases, whilst Level 3 is usually either beyond repair  
Figure 1: Main structural members of the Die-dou style timber 
framework.
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or structurally non-viable to be used in the 
same location and thus recommended for 
disposal or replacement. However for ‘grey 
area’ cases where the damage condition 
might fall within Level 2 & 3, professional 
surveying units will be engaged to examine 
on specific ‘ambiguous’ cases of timber 
elements where the above two parties are 
not confident on the extent of internal 
damages incurred. Based on the existing 
eight case studies, on-site investigation and 
oral interviews are conducted to find out 
and review the master carpenters, architects 
and professional surveying units timber 
assessment methodology.  
2.2. Statistical calculations 
Base on the latest (or last) repair 
information, the number of timber 
members of each case study subjected to 
Level 1 to 3 categorization can be compiled, 
subsequently the percentage quantity and 
volume of conserved (Level 1 & 2) and 
discarded timber (Level 3) can be 
calculated statistically. By comparing, the 
tender design repair advice, alteration 
design repair advice and existing 
investigative and research (I & R) report (subject to availability), the quantity and volume percentage of 
various phases can be compared and analyzed. Timber species identification is crucial prior to the 
commencement of statistical calculations as different timber species will influence the fabricated 
measurements and volume calculation of various wooden components in the timber framework. In this 
study, it is found that China Fir (Cunninghamia lanceolata) is used in all case studies, hence a tailor-made 
measurement conversion and volume calculation method is used with reference to Chen’s method (2007, 
136). The statistical compilation of each case study is generally carried out via a three-step procedure 
(Figure 3). 
3. Results and Discussion 
As much emphasis has been placed on the study of conventional building materials’ life cycle for the 
past decades, very little literature can be found in the case of non-conventional materials such as the study 
of timber framework life cycle. Therefore in this study, we propose to define the life cycle of timber 
framework as the time where it first becomes a structural member of the timber framework. 
Figure 2:  The research procedure flowchart 
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Figure 3: Sample Overview of Statistical Compilation Procedures  
(Chen 2007, 135-136; ABRI 2009)
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3.1. Overall life span of timber framework  
As currently there is still no proper 
standard of calculation for the life 
span of timber framework, a 
theoretical assumption of using 50% 
as the critical point of overall 
structural failure is proposed. Based 
on this assumption (Table 1), it is 
found that when the timber framework 
reaches a life span of approximately 
70 years, the rate of timber 
deterioration is only around 36%. 
Hence, by simple conversion of ratio 
proportion between timber life span 
and its discarded percentage, there is a 
high possibility that the traditional 
China Fir timber framework will take 
around 112 years to reach an overall 
structural failure of 50%. 
3.2. Varying standards of timber assessment between the Master Carpenter, Architect and Professional 
Surveying Unit 
3.2.1. Master Carpenters 
Table 2: Summary of the General Criteria of Master Carpenters’ Timber Assessment.  
Internal
Damage 
Scenarios Extent of Damage Direction 
Primary Structural 
members 
High value Overall section damage area d2/3 Repair 
Low value Overall section damage area >2/3 Discard 
Secondary 
Structural members 
High value Overall section damage area d2/3 Repair 
Low value 
Overall section damage area d1/2 Repair 
Overall section damage area >1/2 Discard 
Fungal damage 
Overall section damage area <1/2 Repair 
Overall section damage area t1/2 Discard 
Horizontal Cracks 
Crack extend <1/2 of total length Repair 
Crack extend t1/2 of total length Discard 
External
Damage 
Surface of all 
Timber members 
Overall Surface damage d1/2  Repair 
Overall Surface damage >1/2 & Section damage >1/3 Discard 
All carpenters placed structural safety as top priority for primary structural timber members. In the case 
of secondary members, the intrinsic value are taken more into consideration rather structural issues as 
usually, these timber members are of lower structural importance. All carpenters exercised stricter 
assessment on timber members with high intrinsic value during actual repair stage than in I & R stage as the 
Table 1: An overview of the overall life span of timber framework for each case 
study 
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main purpose of restoration is to preserve as much existing timber material as possible but at the same time, 
without compromising the structural integrity of the overall framework. 
3.2.2. Architects
Although most of the timber repair advice are given by the master carpenters, but the fate of the timber 
members still lies with the decision of the architects. During tender design stage, the architect will usually 
follow the master carpenter’s advice but when it comes to the actual repair stage, the architect will take into 
consideration the on-site carpenter-in-charge’s advice. For ambiguous cases where the on-site carpenter 
could not decide the specific timber’s damage condition, the architect will engage a second opinion from a 
professional surveying unit to assess those cases. Nevertheless, the architect generally exercises stricter 
timber assessment on primary structural members than the master carpenters as top priority is usually 
placed on structural safety. 
Table 3: Summary of the General Criteria of Architects’ Timber Assessment. 
Internal
Damage 
Scenarios Extent of Damage Direction 
Primary Structural 
members 
Overall section damage area d1/3 Repair 
Overall section damage area >1/3 & more than 2 areas 
damaged  
Discard 
Secondary 
Structural members 
High value Overall section damage area d2/3 Repair 
Low value 
Overall section damage area d1/2 Repair 
Overall section damage area >1/2 Discard 
Fungal damage   
Overall section damage area <1/2 Repair 
Overall section damage area t1/2 Discard 
Horizontal Cracks 
Crack extend <1/2 of total length Repair 
Crack extend t1/2 of total length Discard 
External
Damage 
Surface of all 
Timber members 
Overall surface damage d1/2 Repair 
-Either overall section damage area >1/3 or overall surface 
damage >1/2 ; & more than 2 areas damaged 
Discard 
3.2.3. Surveying Unit 
In this study, the two surveying units have different approach towards timber assessment. Although both 
National Taiwan University (NTU) and National Cheng Kung University (NCKU) place emphasis on the 
structural performance of the timber, the former is more interested with the fibre-structural aspects whilst 
the latter is more concerned with the structural function. Moreover NCKU also takes the intrinsic value into 
consideration, hence in general, NCKU’s evaluation is much more similar to the carpenters’.  
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Table 4: Summary of the General Criteria of NCKU’s Timber Assessment. 
Internal
Damage 
Scenarios Extent of Damage Direction 
Primary Structural 
members 
High value Overall section damage area d2/3 Repair 
Low value 
Overall section damage area d1/3 Repair 
Overall section damage area >1/3 & One or 
both end damage 
Discard 
Secondary 
Structural members 
High value Overall section damage area d2/3 Repair 
Low value 
Overall section damage area d1/3 Repair 
Overall section damage area >1/3 Discard 
Fungal damage 
Overall section damage area <1/2 Repair 
Overall section damage area t1/2 Discard 
Horizontal Cracks 
Crack extend <2/3 of total length Repair 
Crack extend t2/3 of total length Discard 
External
Damage 
Surface of all 
Timber members 
Overall Surface damage d1/2  Repair 
Overall Surface damage >1/2 & Section damage >1/3 Discard 
Table 5: Summary of the General Criteria of NTU’S Timber Assessment.  
Reference Table for Ultrasonic Wave Velocity Device 
Ultrasonic
Wave Level 
Horizontal Transmission 
Velocity (m/s) 
Dynamic Modulus  
of Elasticity (Ed2/Ed1)
A 1386~1600 0.75~1.00 
B 1131~1386 0.50~0.75 
C 800~1131 0.25~0.50 
A <800 <0.25 
Damaged Specimen
Ed2/Ed1ɪ0.50 Repair 
Ed2/Ed1ɦ0.50 Discard 
3.3. Percentage difference between tender design and alteration design stages 
Only six out of the eight case studies have been used for this review as they have completed the repair 
work (Table 6). It is observed that all cases exhibit significant percentage differences between the two 
stages. The difference arises due to the ease of accessibility during timber inspection. As the tender design 
is usually proposed based on non-dismantling surveying technique, hence the areas of timber review are 
significantly restricted. On the contrary, timber assessment will reach higher accuracy when repair 
commences as it will generally involve the dismantling of the roof, hence majority of the timber members’ 
condition can be reviewed clearly. Thus alteration design is recommended as it enables the architect more 
informed and accurate advice on the repair methods. 
2690  S.Y. Ye et al. / Procedia Engineering 14 (2011) 2683–2691
4. Conclusion 
To-date, there is no proper standard of calculation for the life cycle of timber framework, hence a 
hypothetical calculation of the overall life span of timber framework is proposed. By making a theoretical 
assumption of using 50% as the critical point of overall structural failure, it is found that when the timber 
framework reaches a life span of approximately 70 years, the rate of timber deterioration is only around 
36%. Thus, there is a high possibility that traditional China Fir timber framework can last at least 112 years 
before it reaches an overall structural failure of 50%. 
Currently, roof dismantling is still not a compulsory requirement for major repair works as the overall 
contract amount is generally higher and more historic roof artefacts will be affected or damaged by the 
dismantling work. In this research, it is found in all case studies that timber assessment will reach greater 
accuracy when the roof is dismantled as the condition of majority of the timber members can be reviewed 
clearly. Hence, alteration design is recommended as it enables the architect more informed and accurate 
advice on the repair methods. 
During repair stage, the fate of the timber members lies in the hand of the architects as their decision rely 
very much on the master carpenters’ expertise advice. For ambiguous cases where the master carpenter 
could not make sound decision, the architect will engage a second opinion from a professional surveying 
unit to assess the specific timber’s damage condition. Generally, the architect exercises stricter timber 
assessment than the master carpenters as structural safety is often the compromising factor during timber 
repair. 
Although the aim to find out a proper procedure and method for evaluating the life cycle of Taiwan 
historic timber buildings is still at its preliminary, future research will continue to pick up from where we 
have started and continue to look into a better evaluation methodology for traditional timber framework in 
Taiwan.
Table 6: An overview of the each case study’s percentage difference between initial and alteration design 
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